Introduction {#sec1-1}
============

Gentamicin is a bactericidal antibiotic belongs to the aminoglycoside group used for treatment of different bacterial infections, mainly for of urinary tract infection, pneumonia, bone infection, meningitis, and pelvic inflammatory diseases. Gentamicin consists of a different numbers of related compounds including gentamicin C1, C1a, and C2 (which have 80% of antibacterial activity) while; gentamicin A, B, X (have 20% of antibacterial activity) \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref1]\]

![Chemical structure of gentamicin](IJPVM-10-142-g001){#F1}

Gentamicin-induced-acute kidney injury (AKI) is a multifaceted phenomenon which previously linked to the oxidative stress only. Different studies and current researches illustrated more complex mechanisms related to this type of toxicity.\[[@ref2]\]

Gentamicin extensively and selectively deposits in the epithelial cells of proximal renal tubules leading to lysosomal aggregation, alteration phospholipid and lipid metabolism.\[[@ref3]\]

The selective accumulation of gentamicin in the proximal renal tubules is due to presence of megalin and cubilin, which are membrane endocytic proteins that are involved in the transport of cations such as aminoglycosides and xenobiotics. This accumulation alters the function of epithelial cells of proximal renal tubules via alteration of extra-cellular calcium sensing receptors leading to necrosis and cell death.\[[@ref4]\]

Small amounts of gentamicin enter the nucleus independent on cubiline/megalin complex, as well it enters the cytosol through transient receptor potential vanilloid type 4 channel which is expressed only in the distal renal tubule due to cytotoxicity. These changes lead to rupture of lysosome and release of endogenous cathepsins causing proteolysis and necrosis of renal tubular cells. Additionally, gentamicin may cause direct effect through induction the liberation of pro-apoptotic mediators that cause significant cell death and AKI.\[[@ref5]\]

Chronic high dose of gentamicin initiates *in vitro* and *in vivo* free radical productions and induction of oxidative stress. Gentamicin activates mitochondrial superoxide anions causing generation of hydrogen peroxide and hydroxyl radicals. Besides, gentamicin stimulates mitochondrial respiratory chain for generations of free radicals.\[[@ref6]\] Previous studies documented that gentamicin therapy led to significant reduction in the activity of glutathione, superoxide dismutase, and other endogenous anti-oxidant capacity at renal proximal tubular cells which contributed in part in gentamicin-induced-AKI.\[[@ref7]\] Therefore, anti-oxidant agents afford renoprotective effect and reduce AKI via reduction of tissue damage and oxidative stress.\[[@ref8]\]

Vinpocetine is an alkaloid vincamine derivative (a synthetic ethyl ester of apovincamine) used in treatment of cognitive disorders and cerebrovascular diseases \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref9]\]

![Chemical structure of vinpocetine](IJPVM-10-142-g002){#F2}

Vinpocetine improves cerebral metabolism through increasing of cerebral blood flow and augmentation of oxygen consumption. It is specific phosphodiestrase enzyme (PDE) type 1 inhibitor which reduces blood viscosity and improves peripheral circulation.\[[@ref10]\]

The chief anti-inflammatory and anti-oxidant mechanisms of vinpocetine are through inhibition of enzyme complex involved in accentuation of cellular response to inflammation, such as IkB kinase enzyme, inhibition of NF-kB (protein complex controls DNA transcription, cell survival, and cytokine productions). Besides, vinpocetine prevents reactive free radical generation which contributed into reduction of high glucose-induced-oxidative damage.\[[@ref11]\]

Therefore, objective of the present study was to investigate the renoprotective effect of vinpocetine in gentamicin-induced-AKI in rats.

Methods {#sec1-2}
=======

Thirty Sprague Dawley Male rat were used, which were gained from the National Center for Drug Control and Research, aged 2--3 months and weighing 100--200 g. They were kept at a suitable room temperature and artificial 12/12 light-dark cycle with free access to normal chow pellets and water. This experimental study was approved by Ethical Committee in College of Medicine by Scientific Board according to Humane Care for Animals and Guide to the care and use of laboratory animal. The drugs were purchased from private pharmaceutical company, Gentamicin ampoule (Garamycin 80 mg Schering-Plough, USA) and vinpocetine tablet (neurovin 5 mg MICRO LAPS LIMITED, India).

After an acclimatization period of 1 week, rats were randomly divided into three groups, 10 rats in each group. The study protocol and method for induction of AKI was according to Ortega *et al*., method.\[[@ref12]\]

**Control group (*n* = 10):** Rats treated with distilled water (2 ml/kg/day) orally for 10 days and on 5^th^ day they received intra-peritoneal injection of normal saline 2 ml/kg/day.

**Gentamicin group (*n* = 10):** Rats treated with distilled water (2 ml/kg/day) orally for 10 days and on 5^th^ day they received intra-peritoneal injection of gentamicin 100 mg/kg/day.

**Vinpocetine group (*n* = 10)**: Rats treated with vinpocetine (5 mg/kg/day) orally for 10 days and on the 5^th^ day they received intra-peritoneal injection of gentamicin 100 mg/kg/day. (Vinpocetin tablet was dissolved in 5 mL of 0.9% normal saline).

Sample collection {#sec2-1}
-----------------

On the end of 10^th^ day, rat decapitation was done under chloroform anesthesia. The blood samples were centrifuged at 5000 rpm/5 minute and all sera were kept at -20 for later assessment.

Assessment the biomarkers of AKI {#sec2-2}
--------------------------------

Blood urea and serum creatinine were estimated by using auto-analyzer (ILab-300-Biomerieux Diagnostic, Milano, Italy) they expressed as mg/dL).

Serum malondialdehyde (MDA), superoxide dismutase (SOD), Neutrophil Gelatinase Associated Lipocalin (NGAL), kidney injury molecules (KIM-1), and Cystatin-c were measured by ELISA kit methods according to the instruction of the kit manufacture (Myo-bio source, USA).

Assessment of glomerular filtration rate (GFR) {#sec2-3}
----------------------------------------------

### Creatinine based-estimated GFR {#sec3-1}

![](IJPVM-10-142-g003.jpg)

Scr = serum creatinine in mgldl, k = 0.7 for female 0.9 for male, α = −0.329 for female −0.411 for male, max = maximum, mim = minium, age in years.\[[@ref13]\]

Normal = eGFR \>90 ml/min/1.73 m^2^

Mild = eGFR (60-89) ml/min/1.73 m^2^

Moderate = (30-59) ml/min/1.73 m^2^

Severe = (15 = 29) ml/min/1.73 m^2^

Acute renal failure = eGFR \< 15 ml/min/1.72 m^2^

### Cystatin based-estimated GFR {#sec3-2}

GFR-Cys = 162/cyst (mg/l)-30.\[[@ref14]\]

Statistical analysis {#sec2-4}
--------------------

Data of the present study presented as mean ± SD. One-way ANOVA test with Bonferroni *post-hoc* test was used to investigate the significance of differences among different groups. Statistical package for the Social Sciences Software (SPSS Inc., Chicago, IL, USA) was used for data analysis. The levels of significance were considered when *P* \< 0.05.

Results {#sec1-3}
=======

Changes in the biochemical and inflammatory biomarkers in gentamicin-induced-AKI {#sec2-5}
--------------------------------------------------------------------------------

In gentamicin-induced-AKI, blood urea was increased up to 58.87 ± 6.45 mg/dL compared with 40.83 ± 5.46 mg/dL in the control group *P* = 0.001 as well; serum creatinine was increased in gentamicin group up to 2.08 ± 0.20 mg/dL compared with the control group 0.70 ± 0.14 mg/dL *P* = 0.0004. MDA serum level was increased in gentamicin group to 398.11 ± 14.8 (ng/mL) compared with 290.85 ± 10.18 (ng/mL) in control group *P* = 0.001. But SOD serum level was reduced in gentamicin group to 11.89 ± 2.94 (pg/mL) compared with 16.94 ± 2.39 (pg/mL) in control group *P* = 0.0009. Moreover, KIM-1, NGAL, and the Cyst-c sera levels were significantly elevated in gentamicin group compared with the control group *P* \< 0.01 [Table 1](#T1){ref-type="table"}.

###### 

Effect of vinpocetine on the biochemical and inflammatory biomarkers in gentamicin-induced-AKI

  Variables            Control (*n*=10)   G+S (*n*=10)   G+V (*n*=10)   *Post-hoc* test   ANOVA           
  -------------------- ------------------ -------------- -------------- ----------------- ------- ------- --------
  Blood urea (mg/dL)   40.83±5.46         58.87±6.45     42.56±5.89     0.001             NS      0.001   0.0001
  Serum cr.(mg/dL)     0.70±0.14          2.08±0.20      1.32±0.22      0.0004            0.001   0.001   0.0005
  MDA (ng/mL)          290.85±10.18       398.11±14.8    298.52±10.87   0.001             NS      0.001   0.0001
  SOD (pg/mL)          16.94±2.39         11.89±2.94     14.77±2.86     0.0009            NS      0.03    0.001
  KIM-1(pg/mL)         79.78±9.29         99.98±10.38    83.56±9.98     0.001             NS      0.001   0.0002
  NGAL (pg/mL)         15.78±3.07         24.04±5.88     16.67±3.98     0.0009            NS      0.002   0.0005
  Cys-c (mg/dL)        0.51±0.04          1.45±0.05      0.65±0.04      0.0001            0.001   0.001   0.0001

G+S=Gentamicin+saline; G+V=Gentamicin+vinpocetine; A=Control vs G+S; B=Control vs G+V; C=G+V vs G+S, MDA=Malondialdehyde; SOD=Superoxide dismutase; KIM-1=Kidney injury molecule-1; Cys-C=Cystatin; NGAL=Neutrophil gelatinase associated lipocalin

Effects of vinpocetine on the biochemical and inflammatory biomarkers in gentamicin-induced-AKI {#sec2-6}
-----------------------------------------------------------------------------------------------

Vinpocetine led to reduction of blood urea and serum creatinine compared with gentamicin group *P* \< 0.01. Vinpocetine improved oxidative stress through reduction of MDA serum level and elevation of SOD significantly compared with gentamicin group *P* = 0.001 and *P* = 0.03, respectively. Indeed, vinpocetine reduced glomerular and renal tubular injury. Inflammatory biomarkers including KIM-1, NGAL, and Cystatin-c sera levels were reduced significantly *P* \< 0.01 compared with gentamicin group \[[Table 1](#T1){ref-type="table"}\]. Moreover, co-administration of vinpocetine with gentamicin reduced gentamicin-induced-AKI inflammatory biomarkers as most of these biomarkers were not significantly differed compared to the control group except serum creatinine and cystatin-c serum levels which were not improved \[[Table 1](#T1){ref-type="table"}\].

Effects of vinpocetine on the estimated GFR on gentamicin-induced-AKI {#sec2-7}
---------------------------------------------------------------------

In gentamicin-induced-AKI creatinine based-estimated GFR was significantly reduced to 51 ± 6.90 ml/min/1.73 m^2^ compared with 156.55 ± 10.45 ml/min/1.73 m^2^ in control group *P* = 0.0001 while; vinpocetine significantly increased it to 88 ± 7.11 ml/min/1.73 m^2^ compared with gentamicin group *P* = 0.001. As well, Cystatin based-estimated GFR was significantly reduced in gentamicin group to 60 ± 7.89 ml/min/1.73 m^2^ compared with the control group 166 ± 11.78 ml/min/1.73 m^2^ but; vinpocetine improve it up to 147 ± 9.78 ml/min/1.73 m^2^ compared with gentamicin group *P* = 0.001 \[[Figure 3](#F3){ref-type="fig"}\].

![Effects of vinpocetine on creatinine based-estimated GFR and Cystatin based-estimated GFR in gentamicin-induced-AKI](IJPVM-10-142-g004){#F3}

Serum creatinine was not significantly correlated with biochemical and inflammatory biomarkers in gentamicin-induced-AKI in the control group *P* \> 0.05. In gentamicin and vinpocetine groups serum creatinine positively and significantly correlated with blood urea, MDA, NGAL, and KIM-1 sera levels *P* \< 0.01 but it negatively correlated with SOD serum levels, creatinine based-estimated GFR, and Cystatin based-estimated GFR *P* \< 0.01 \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlations of serum creatinine with biochemical and inflammatory biomarkers in gentamicin-induced-AKI

  Variables                 Control (*n*=10)   Gentamicin (*n*=10)   Vinpocetine (*n*=10)                       
  ------------------------- ------------------ --------------------- ---------------------- ----------- ------- -----------
  Blood urea (mg/dL)        0.62               0.05                  0.92                   0.0001\*    0.88    0.0007\*
  MDA (ng/mL)               0.45               0.19                  0.97                   0.00001\*   0.87    0.001\*
  SOD (pg/mL)               0.33               0.35                  −0.89                  0.0005\*    −0.88   0.0007\*
  KIM-1(pg/mL)              0.36               0.30                  0.97                   0.00001\*   0.91    0.00025\*
  NGAL (pg/mL)              0.47               0.17                  0.95                   0.00001\*   0.91    0.00025\*
  Cys-c (mg/dL)             0.36               0.30                  0.94                   0.0001\*    0.82    0.003\*
  Cys-c GFR (ml/min/1.73)   0.31               0.38                  −0.96                  0.00001\*   −0.91   0.00025\*
  Cr. GFR (ml/min/1.73)     0.21               0.56                  −0.97                  0.00001\*   −0.84   0.002\*

\**P*\<0.01; E-GFR=Estimated glomerular filtration rate; MDA=Malondialdehyde; SOD=Superoxide dismutase; KIM-1=Kidney injury molecule-1; Cys-C=Cystatin; NGAL=Neutrophil gelatinase associated lipocalin

Discussion {#sec1-4}
==========

The present study illustrated a significant nephrotoxic effect of gentamicin through elevation of blood urea and serum creatinine as well as increment in the pro-inflammatory and oxidative stress biomarkers as indicated by a recent Al-Suleimani *et al*. study that confirmed gentamicin-induced-AKI.\[[@ref15]\]

Additionally, gentamicin reduces renal blood flow which may contribute to renal proximal tubular damage. Gentamicin-induced-renal ischemia leads to induction of inducible nitric oxide synthase that causes mitochondrial oxidative stress and inhibition of ATP production in glomerular endothelial cells.\[[@ref16]\] This may explain the induction oxidative stress and elevation of inflammatory biomarkers as well as significant reduction of estimated GFR of the present study.

Several studies indicate that the production of free radicals and induction of oxidative stress is the main important pathway of gentamicin-induced-AKI. Overproduction of reactive oxygen species is linked with reduction of anti-oxidant potential of proximal renal tubules which subsequently develop into lipid peroxidation and tubular damages.\[[@ref17][@ref18]\] These findings correspond with results of our study as gentamicin-induced-AKI was linked with high MDA and low SOD sera levels with significant elevation in KIM-1, NGAL, and Cyst-c sera levels which indicate acute oxidative stress in renal tubular injury and glomerular dysfunction.

Co-administration of vinpocetine with gentamicin in the present study significantly improved renal function as reflected by the reduction of blood urea and serum creatinine with significant amelioration of estimated GFR. This result indicates a renoprotective effect of vinpocetine. This is also documented by recent Fattori *et al*., study showing that vinpocetine improves diclofenac-induced AKI through modulation of NF-kB pathway, apoptosis, oxidative stress and cytokine productions.\[[@ref19]\]

Vinpocetine in the present study illustrated potential anti-oxidant and anti-inflammatory effects on gentamicin-induced-AKI through reduction of MDA, NGAL, Cystatin-c and KIM-1 sera levels as demonstrated by different studies.\[[@ref20][@ref21]\]

Similarly, vinpocetine improved GFR which was due to inhibition of gentamicin-induced-oxidative stress since Ratliff *et al*., and Sverrison *et al*., studies confirmed the close relation between oxidative stress and deterioration of GFR.\[[@ref22][@ref23]\]

It has been documented that vinpocetine is a selective inhibitor of PDE-1 regulating cAMP and cGMP levels.\[[@ref24]\] This selective inhibition does not participate in the renoprotective effective of vinpocetine as Thieme *et al*., study reported that vinpocetine did not increased PDE-1in renal vasculature and not increased renal blood flow following Ang II induced-renal dysfunction since; PDE-5 but not PDE-1 is predominant in renal vasculature.\[[@ref25]\]

Additionally, previous study illustrated that gentamicin-induced-AKI was mediated through activation of rennin-angiotensin system mainly through up-regulation of Ang II which causes renal injury directly or through up-regulation of PDE-1 that lead to glomerular and endothelial dysfunctions.\[[@ref26]\]

Overall, PDE inhibitor like vinpocetine improves renal and cardiac function via attenuation the effect of Ang II.\[[@ref27]\] Moreover, Ang II inhibitors play potential role in attenuation of AKI in different model studies.\[[@ref28]\] These findings are corresponding with results of the present study and give a clue about the renoprotective effect of vinpocetine which was PDE-dependent and independent mechanisms.

Conclusions {#sec1-5}
===========

Vinpocetine leads to significant attenuation of gentamicin-induced-AKI through modulation of oxidative stress and pro-inflammatory pathway.
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